taberomm L.) tubers respiring normally at 23C or at an accelerated rate in response to treatment with ethylene (10 microliters per liter).
A pronounced increase in various mitochondrial enzymic activities was observed in response to exposure of the whole tubers to ethylene. Cytochrome c oxidase activity increased more than 50%, DNA polymerase activity increased about 2-fold, and RNA polymerase activity increased 2.5-fold. Moreover, DNA or RNA polymerase activities of mitoch i isolated from tubers not treated with ethylene were not affected by ethylene treatment in vitro. Respiratory control ratios decreased from 2.84 to 1.50 with increasing periods of ethylene treatment from 0 to 15 hours. None of these changes were observed in untreated tubers. It is concluded that the stimulation of respiration by ethylene in potato tubers is accompanied ix vivo by an enhancement of mitochondrial enzymic activity of both membrane-associated enzymes which participate in the mitochondrial oxidative electron transport as well as soluble enzymes which are not directly involved in respiration.
When potato tubers, which are considered nonclimacteric, are exposed to ethylene, they display a climacteric-like rise in respiration similar to the one observed in climacteric fruits during ripening (13, 14) . It has therefore been suggested that ethylenetreated potato tubers could be used as a model system for examining the role of ethylene in stimulating a respiratory climacteric (13) . The increase in respiration in potato tubers as well as in other plant material has been associated with increased activity ofmitochondrial enzymes (4-6, 10-12, 20) . This increase in respiration was initially attributed to the activity of the alternative respiration path engaged by ethylene (16, 17, 19) ; however, this idea was later abandoned in view of the fact that elevated climacteric respiration occurs without the involvement of the alternative path (22) .
It was shown in avocado fruits that increased synthesis of specific mRNA molecules occurs during climacteric rise in respiration (3). In addition it was shown that new mRNA molecules could be identified in carrot roots during the climacteric-like rise in respiration induced by ethylene (2). These observations imply that de novo synthesis of macromolecules during climacteric rise may precede fruit ripening With the aim of gaining a better understanding of the mitochondrial function during the climacteric rise, the mitochondrial fraction was isolated and purified from potato tubers which were exposed to ethylene, and changes ' Present address: K.A.T.E. Project, Heraklion, Crete, Greece. in their capacity to incorporate labeled nucleotides into polynucleotides, along with changes in respiratory-linked enzyme activities in the mitochondria, were studied. Cyt c oxidase activity was used as a marker for the mitochondrial fraction and was measured as described by Simon (18).
MATERIALS AND METHODS
Mitochondrial preparation (10 A) was added to a reaction mixture containing 10 mM K-phosphate (pH 7.0) and 0.01% digitonin in a final volume of0.42 ml. The reaction was initiated by the addition of 100 1d of 1.5 mM Cyt c following a 1-min preincubation period.
02 uptake experiments were measured polarographically in a 4.0 ml cell (28°C) adapted with a Clark 02 electrode (Yellow Springs Instruments Co.). Measurements were carried out within 1 h of the termination of the mitochondrial preparation procedure.
The incorporation in vitro of tritiated thymidine triphosphate (dTTP) and of tritiated UTP into TCA-insoluble material was used to measure DNA and RNA polymerase activity, respectively. The standard assay procedure was essentially as described In some cases, isolated mitochondria were treated with ethylene as follows: either 0.5 hl/1 to 1.0 ml/l ofethylene was continuously bubbled for 30 min through the reaction medium, or else it was injected into the sealed test tube containing the assay mixture, and shaken for 30 min. The reaction was stopped by adding 2 ml of cold 10% TCA containing 1% pyrophosphoric acid and centrifuged for 10 min at 10,000g. The cold acidified pellet was dissolved in 0.5 ml of cold 0.2 N NaOH, and 5 ml of cold 10% TCA containing 1% pyrophosphoric acid was added immediately thereafter to minimize alkaline hydrolysis of the polynucleotides.
The precipitate was transferred onto glass fiber filter discs (Whatman GF/C), and washed five times with 5-ml portions of cold 5% TCA containing 1% pyrophosphoric acid. The discs containing the acid-insoluble material were then placed in scintillation vials containing to increase after 6 h ofexposure ofthe tubers to ethylene reaching a peak value about 6 h before the peak in respiration rate. DNA polymerase activity increased 6 h after the initiation of the treatment with ethylene, declined at 18 h-coinciding with the period of maximal RNA polymerase activity, and subsequently rose. The exposure ofthe tubers to ethylene also caused enhancement in the activity of Cyt c oxidase. The increase in Cyt c oxidase activity slightly preceded, but otherwise paralleled, the increase in respiration induced by ethylene.
Mitochondrial respiration rate and respiratory control ratios were measured with succinate as a substrate (Fig. 2) . Mitochondrial respiration increased with ethylene treatment of the whole tuber. This rise was observed 5 h after treatment. Respiratory control ratios decreased from 2.84 to 1.50 with increasing periods of ethylene treatment from 0 to 15 h, respectively.
Isolated mitochondria possess characteristics which enable in vitro examination of processes occurring in vivo. Investigations have revealed increased enzyme activities in mitochondria isolated from both animal (15, 21) and plant (1) tissue when treated with hormones.
Our data show that ethylene, a plant hormone, induces an increase in the activities of mitochondrial DNA and RNA polymerase and in mitochondrial Cyt c oxidase which subsequently decline to baseline activity. A similar response to ethylene treatment of the whole tuber has been observed in other mitochondrial enzyme activities (4) . Respiratory activity in the whole tuber was greatest when mitochondrial RNA polymerase activity began to decline. The increase in the incorporation of labeled triphosphorylated nucleotides into mitochondrial polynucleotides in response to treatment with ethylene can be attributed to either an increase in mitochondrial population or an increase in mitochondrial membrane permeability to nucleotides. It can also be attributed to an increase in specific enzyme activities in the mitochondrion. Since a purified mitochondrial fraction was used throughout the experiments, and the results are expressed on a basis of mitochondrial protein, increase in polymerase activity cannot be attributed solely to mitochondrial proliferation. The intact mitochondrial membrane has a low permeability to nucleotides. Ethylene, however, is known to increase mitochondrial permeability (9) . Thus, an increase in the rate of UTP and dTTP incorporation may be due to changes in the kinetics of transport of nucleotides across the mitochondrial membrane, as well as to changes in the specific activities of the respective polymerases. Indeed, this possibility gains some support from the decrease in respiratory control ratios which is observed in mitochondria from tubers treated with ethylene ( Fig. 1) . A drop in respiratory control ratios expresses a lesser coupling capacity, which usually reflects an increase in mitochondrial membrane permeability. However, although ethylene treatment increases permeability of the isolated mitochondria (9) , no increase in the rate of labeled nucleotides incorporation upon such treatment of the isolated organelles could be detected (Tables I and II) . One may thus conclude that mitochondria isolated from ethylenetreated potato tubers display enhanced labeled nucleotides incorporation activity into acid-insoluble fraction and enhanced Cyt c oxidase activity, which can be attributed mostly to an increase in mitochondrial specific enzyme activity. This could be due to de novo protein synthesis. This interpretation is in line with previous studies by Christoffersen and co-workers, which showed specific mRNA formation in carrot in response to ethylene (2), and in avocado tissue at different stages of ripening (3).
Increased activity of RNA polymerase may support synthesis of mitochondrial proteins which are synthesized in the mitochondria. An increase in the activity of each of the enzymes measured, however, could also be due to a reduction in the concentration of an inhibitor or the induced formation of activators of the enzymes as a result of treatment with ethylene. Of special interest are the increased activities of labeled nucleotide incorporation which are not directly related to the increase in respiration as is Cyt c oxidase activity, and as are other enzymic activities previously shown to increase in response to treatment with ethylene (4). Failure to induce in vitro any changes by ethylene treatment in the enzyme activity of isolated mitochondria suggests the involvement ofthe cell nucleus in the interaction of ethylene with the mitochondrial site of action. Nevertheless, the mode of action by which ethylene affects nucleic acid metabolism still remains an open question.
